Background. Extending appointment intervals for stable HIV-infected patients in sub-Saharan Africa can reduce patient opportunity costs and decongest overcrowded facilities.
Currently, there are 11.8 million HIV-infected people on antiretroviral therapy (ART) in sub-Saharan African, and this is expected to increase to 19.6 million by 2020 [1] . A successful public health response, therefore, depends on both expanding access to those yet unreached as well as retention in care and HIV RNA suppression in those already on treatment [2, 3] . Differentiated care-the idea that health systems should vary the frequency, location and nature of contact with patients-has been widely embraced as a strategy to achieve greater access, improve efficiency, unburden the health system and improve retention [4] . The community adherence group (CAG), first formed in Mozambique, is an archetypical model of differentiated care where patients form groups of 6 and take turns visiting the clinic each month to undergo clinical review while collecting medications for the others [5] . Other models include adherence clubs in South Africa and community drug distribution points in Uganda [5, 6] .
Despite widespread adoption, the comparative effectiveness or implementability of these models has not been fully examined. One model urgently in need of further exploration is to simply extend intervals between clinic visits by dispensing a greater quantity of medications at each visit and minimizing clinical review for otherwise well patients. This strategy can similarly reduce patient opportunity costs and clinic congestion by minimizing visits, but without the organizational overhead, scale-up costs, or supervision needed for other models such as CAGs. Although the World Health Organization (WHO) and Zambian guidelines do recommend extending visit and pharmacy intervals from the typical 1 month to 3 to 6 months for stable patients, the supporting data are actually quite limited [7] [8] [9] [10] [11] . Most studies varied visit frequency in the context of more resource-intense interventions such as home visits and drug-delivery or adherence clubs, which did not directly address spacing intervals in routine clinic-based care models. Furthermore, even when longer spacing was evaluated, a majority of studies evaluated only 2-to 3-month intervals with highly selected patients, yielding limited data with uncertain generalizability on longer periods [11] [12] [13] [14] [15] [16] [17] [18] . As the optimal interval in terms of safety, efficacy, and efficiency is yet to be defined, it is critical to have more robust information on the use of longer return intervals such as 6 months or even longer to inform differentiated models of care [11, 19] . To that end, we examined the association between assigned appointment interval and the ability of the patient to make the next visit in a network of facilities in Zambia.
METHODS

Patient Population
We analyzed a cohort of adult HIV-infected patients (aged >18 years) who were stable on ART and presented for routine HIV care visits at clinics in Lusaka Province, Zambia, from 1 January 2013 to 31 July 2015. We used adapted WHO criteria to define stable on ART as having been on ART with no changes and having a CD4 count >200 cells/μL for 6 months or more [7] . Patients with a diagnosis of tuberculosis were considered not stable for the duration of tuberculosis therapy. We examined patient encounters from 20 large (more than 1000 enrolled patients) Ministry of Health ART clinics in Lusaka Province supported by the Centre for Infectious Disease Research in Zambia, a Zambian nongovernmental organization that supports implementation of HIV care delivery and research across 4 of the 10 provinces in Zambia. We included all routine visits for clinical follow-up or pharmacy refills, excluding visits where patients presented solely for evaluation for tuberculosis or were recorded as being acutely ill, which may have mandated closer follow-up.
Measurements
All measurements were extracted from the national electronic medical record system used in routine HIV care in Zambia (SmartCare). To generate this database, providers manually fill out clinical forms during the patient encounter, and data clerks then enter this information into the electronic database. We extracted baseline patient characteristics (eg, age, sex, clinic site, date of ART initiation), clinical status (CD4 count, tuberculosis diagnoses), and clinical visit and pharmacy refill history (date, appointment type, next scheduled visit, medication dispensed). For a given visit, we identified patients' next scheduled clinical follow-up, next pharmacy refill pickup, and also the earliest date they were scheduled to return to the clinic, regardless of whether the purpose was clinical follow-up or pharmacy pickup. Based on scheduled follow-up, we defined 3 measures of retention for patients deemed to be clinically significant due to their association with an increased risk of virologic failure and mortality [20] [21] [22] . We defined a missed visit as being >14 days late to a patient's earliest scheduled return to clinic, gaps in medications as being >14 days late to the next scheduled pharmacy refill pickup, and loss to follow-up (LTFU) as being >90 days late to the earliest scheduled clinic return.
Analysis
First, we described the overall distribution of clinical follow-up, pharmacy refill, and earliest clinic return intervals, categorizing visit intervals into <3 weeks (<21 days), 1 month (21-45 days), 2 months (46-75 days), 3 months (76-105 days), 4-5 months (106-165 days), and ≥6 month (>165 days) for all analyses. We assessed concordance of clinical and pharmacy follow-up by assessing the percentage of visits in which time to clinical follow-up matched the duration of medications dispensed.
We used histograms of the distribution of visit intervals at individual clinics to graphically depict heterogeneity in appointment scheduling across the sites. To quantitatively estimate the impact of clinic site and ecologic health systems-levels factors on variability in appointment scheduling, we developed a multilevel mixed-effects linear regression model using time to the next assigned return to clinic at each visit as the outcome. Covariates were selected based on a priori hypotheses of causal relationships using directed acyclic graphs to identify confounders and exclude colliders. Patient-level characteristics (ie, sex, age, most recent CD4 count, years on ART, days late to the current visit, prior retention) were included as fixed-effect covariates, and clinic site and individual patients were included as random effects with random intercepts to account for the clustering of visits. We then calculated the intraclass correlation (ICC) to estimate the percent of variability in assigned clinic return intervals attributable to the clinic an individual attended apart from patient-level factors.
Third, we used a multilevel mixed-effects logistic regression to evaluate our hypothesis that shorter assigned return intervals lead to lapses of retention by estimating the association between length of scheduled return on 3 metrics of subsequent retention: missing the next visit, a gap in medication possession prior to the next visit, and becoming LTFU prior to the next visit. We sought to adjust for common causes of the assigned clinic return interval (the exposure) and subsequent retention (the outcome). Using directed acyclic graphs to identify covariates, we included sociodemographic characteristics (eg, sex, age), time-varying clinical characteristics (eg, most recent CD4 level, years on ART), and calendar time in our models. Importantly, we also adjusted for prior retention history summarized as prior medication possession ratio (MPR), visit adherence (ie, percent of visits missed), and percent of visits that led to LTFU. These measures of prior retention as well as calendar time were specified as restricted cubic splines to flexibly model any departures from linearity and obtain maximal control of confounding for these covariates. Clinic site and individuals were modeled as random effects to account for probable correlation in the outcome within these categories. All analyses were conducted with Stata version 14.2 (StataCorp LP, College Station, Texas).
The institutional review boards at the University of Zambia and University of California, San Francisco approved the study.
RESULTS
Patient Characteristics
From 1 January 2013 to 31 July 2015, 96 179 patients made at least 1 visit to 1 of 20 clinics in Lusaka Province, totaling 979 272 clinic visits. Of these patients, 62 084 (64.6%) made at least 1 routine clinic visit while stable on ART (501 281 total visits, 51.2% of all visits); 66.6% of patients who were stable for at least 1 visit were female with a median baseline age of 38 years (interquartile range [IQR], 32-44). Patients had been on ART for a median of 2.4 years (IQR, 0.9-4.9 years) with a median CD4 count of 438 cells/μL (IQR, 321-592; Table 1 ). Of all routine visits, 3.1% (15 685) were for clinical follow-up only, 29.2% (149 237) were for both clinical follow-up and pharmacy visits, and 64.3% (328 340) were pharmacy-only visits.
Lapses in retention were common. Overall, patients were on time or early for their next scheduled return to the clinic 57.3% of the time (early by more than 7 days 8.2% of the time), 1 to 14 days late 22.8% of the time, 15 to 90 days late 15.7% of the time, and >90 days late (or LTFU) 4.8% of the time. Median MPR was 85.5% (IQR, 75.2-94.0), and the median percent of visits missed per patient by >14 days was 20% (IQR, 7.1-36.8%). Overall, 76.5% of patients had missed at least 1 visit by >14 days, 72.1% had missed at least 1 pharmacy refill by 14 days, and 31.5% were considered LTFU at least once during our study period (Table 1) .
Appointment Scheduling Patterns
The majority of appointment intervals were at 1 month (25.0% of clinical follow-up, 44.4% of pharmacy refills), 2 months (9.8% of clinical follow-up, 17.7% of pharmacy refills), and 3 months (49.8% of clinical follow-up, 35.2% of pharmacy refills). Also, 10.3% of all clinical follow-up was at 6-month intervals, though only 0.4% of pharmacy refills were that long. Few visits were scheduled in <3 weeks or at 4-5 months. Patients who had 1-and 3-month clinical follow-up intervals were also mostly given similarly long pharmacy refill intervals (83.1% and 85.1%, respectively). However, there was a lack of coordination between clinical follow-up and pharmacy refills at longer intervals, with only 4.6% of patients given 6-month clinical follow-up receiving a concordant pharmacy refill with enough medication to last until the next visit (73.7% received a 3-month refill; Table 2 ).
Clinic-level Distribution of Appointment Intervals
There was significant heterogeneity in clinical follow-up and pharmacy refill distribution between clinics (Table 3, Figure 1 ). For example, the frequency of 1-month clinical follow-up ranged from 1.8% to 70.6%, while 1-month pharmacy refills ranged from 1.5% to 83.3% across individual sites. The 6-month clinical follow-up ranged from <0.1% to 40.4%, but 6-month pharmacy refills ranged from <0.1% to 2.1%. Based on our mixed-effects linear regression model for scheduled clinic return intervals, we estimated the ICC for clinic site to be 21.7% (95% confidence interval [CI], 13.0%-34.1%), indicating that the clinic a patient attended accounted for 21.7% of all variability seen in the clinic return interval even when adjusting for patient-level covariates. There were no meaningful associations between patient-level characteristics (ie, sex, age, CD4 count) and the length of the scheduled appointment interval.
Estimate of Effect of Appointment Intervals on Subsequent Retention
Overall, patients who had longer clinic return intervals were more likely to be on time to the following visit (Figure 2) . In multilevel mixed-effects logistic regression using 1-month intervals as the reference, patients with longer clinic return intervals were less likely to miss their next visit by >14 days (6 Table 4 ). Patients receiving 6 month clinic return intervals fared the best overall, even when compared to those receiving 3 month intervals (8.0% decrease in missed visits [95% CI −9.1 to −7.0%], 4.2% decrease in missed pharmacy pickups [95% CI −6.0 to −2.3%], and 1.8% decrease in LTFU [95% CI −2.3 to −1.2%]). Additional risk factors for poor retention were being younger and being male (Table 4) .
DISCUSSION
In this study, we describe the effects of appointment scheduling patterns on subsequent retention in care in a real-world public health setting in sub-Saharan Africa. First, we show that longer visit intervals are already being used in routine care. There was tremendous clinic-to-clinic variability, with the clinic an individual attended explaining 21.7% of the variability in appointment scheduling practices. Coordination of clinical follow-up and pharmacy refill intervals was poor, requiring patients to return to the clinic more frequently than is clinically necessary. Last, we found that longer appointment intervals were significantly associated with improved retention in dose-response fashion for stable HIV-infected patients, with 6-month intervals being best. Adjusting for patients' prior retention history and compared to those who had a 1-month interval, patients who had 6-month clinic return intervals were less likely to miss their next visit by >14 days (aOR, 0.20), have a gap in medication of >14 days (aOR, 0.47), and become LTFU prior to their next visit (aOR, 0.41). Together, these findings suggest that extending clinic return intervals for stable patients could substantially reduce clinically significant lapses in retention in care and that clinic-level factors such as drug shortages, clinic management, and individual provider practices are important targets for intervention to address barriers to implementation [23] [24] [25] [26] [27] [28] .
These data add to the growing body of literature by offering evidence that the interval itself has an independent influence on making the next visit. Even though intervals beyond 3 months are endorsed by the WHO, there is currently only data from Médecins Sans Frontières from Malawi trialing a program of 6-month clinical appointments and 3-month pharmacy refills in stable patients [12, 13] . The researchers noted high retention (97% at 12 months) and decreased mortality for patients who participated in the program, but limitations to this study include stricter eligibility criteria with about one third of patients returning to routine care at some point (though some later reverted back to longer appointments), the inability to control for selection bias for those who chose to enroll in the program, and the fact that patients still need to return to the clinic for medication every 3 months [5, 12, 13] . Our study extends these data because it tests the hypothesis in a routine care environment outside of a specialized program, accounts for patients' previous retention history, and, most importantly, assesses the effect of extending overall clinic return intervals up to 6 months (including pharmacy pickups). From our results, the effect of longer time between visits of up to 6 months was large in magnitude. The number needed to treat with a 6-month clinic return interval opposed to 3 months to prevent a missed visit, missed pharmacy pickup, or an episode of LTFU was 13, 24, and 57, respectively.
We believe these findings have important implications as countries rapidly incorporate visit spacing into their guidelines. First, addressing clinic-level factors by strengthening the supply chain to enable not just 3-month but 6-month supply of ART and targeting clinic management and healthcare worker behaviors to increase adoption of such practices offers a promising strategy to simultaneously enhance retention and decongest clinics [23] [24] [25] [26] [27] [28] . Additional evidence is needed to affirm these findings, but this empiric observation comports with what is known about patient barriers to care in low-resource settings [29] [30] [31] [32] . Patients face significant burdens and opportunity costs Values for which clinical and pharmacy follow-up are coordinated (i.e. same interval) are in bold.
in attending clinic visits due to transportation costs, distance to the clinic, time away from work, and competing life or family priorities. Addressing systems-level barriers to reducing the frequency with which stable patients need to attend the clinic can allow them to more successfully balance their daily life needs with the benefits of remaining in HIV care and represents an important shift toward more patient-centered practices [33] . These findings also suggest that ongoing efforts to scale up differentiated care models should consider visit spacing as a firstline differentiated care model. Compared to other differentiated care models such as CAGs and adherence clubs, visit spacing requires fewer administrative activities once supply chain issues are addressed, such as additional staffing, training, and protocols to manage groups, and may therefore face fewer challenges with implementation and uptake at scale [34] [35] [36] [37] [38] . Furthermore, these models may not always be the most appropriate for patients. Qualitative analysis of CAGs from Mozambique indicates that concerns over stigma, strict rules, reliance on others, and group member conflicts cause some patients to return back to their standard of care [36] . Though some patients benefit from the social support and describe a positive impact on the community at large, the reduction in visit frequency is the primary benefit for many. Adaptive and patient-centered strategies may involve offering a choice between such groups and longer return intervals or reserving more resource-intense differentiated care models for those who first fail with extended visit intervals or who may benefit from additional social support.
There are several limitations of our study. First, we were unable to assess virologic suppression as viral load was not routinely collected in Zambia during our study period, though we did use outcomes associated with an increased risk of virologic failure and mortality. Recent results from the Zambia Population-Based HIV Impact Assessment do suggest that just <90% of patients in care on ART are virally suppressed [39] . Second, there is still the possibility of residual confounding. Nevertheless, in controlling for patients' previous retention and adherence history, the consistency and dose-responsive nature of our results, and the fact that clinic site, as opposed to individual-level characteristics, was the strongest predictor of appointment scheduling, we think it is unlikely that a substantial degree of confounding remains. Hence, it is quite plausible that our results warrant a causal interpretation. Third, there are inherent limitations to our data source. We were unable to reliably exclude pregnant women in our definition of stable patients (though these women are routinely followed in the maternal and child health clinic rather than the ART clinic in Zambia), to identify the specific provider and their reasons for scheduling a particular visit interval for each encounter to better understand provider-specific practices, or to further breakdown LTFU into more detailed patient outcomes, such as out of care, silent transfers, and mortality [29, 40] . Still, there is substantial benefit of evaluating this intervention using programmatic data to understand its impact in real-world settings.
In conclusion, we found that 6-month clinic return intervals were associated with fewer missed visits, gaps in medications, and LTFU, providing important new data on extending visit intervals in sub-Saharan Africa in a routine clinical setting. Additionally, we note the significant heterogeneity in appointment scheduling practices between clinics, highlighting the need to understand and intervene on drivers of practice variation through additional implementation research. As we move into a new phase of ART treatment with "treat all," adopting differentiated models of care that can simultaneously better address patient needs, foster sustained engagement, and accommodate the expected increase in patient populations will be crucial. Extending clinic follow-up and pharmacy refills up to 6 months, and potentially even longer, is a relatively straightforward solution that requires minimal additional infrastructure. Further study is needed on its impact on viral suppression, efficacy, and safety of even longer intervals (ie, 1 year), its role in an adaptive strategy combined with other models of differentiated care, and even in additional patient populations such those with poor retention due to structural barriers to care. Restricted cubic splines of patients' prior retention history (medication possession ratio, percentage of visits missed, and percentage of visits that led to loss to follow-up) and time (to account for secular trends) were also included as covariates in all models.
Notes
All P values are <.001, except a P = .012, b P = .001, c P = .999.
